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The early to middle Miocene phascolarctid Nimiokoala greystanesi gen. et sp. nov. ls 
described from Riversleigh, northwestern Queensland. Nimiokoala sp. is recognised from a 
late Oligocene deposit in South Australia. The complex molar morphology and 
ptesiomorphic basicranial morphology of Nimiokoala arc indicative of a more diverse 
infraordcrof phascolarctomorphum.s,Siinilarities in molar morphology between Nintiokoala 
•and eklopodonlids arc noted and may reflect similar ecological niche. Litokoala kaiwnkaen- 
sis is described from ihe Miocene of Riversleigh extending its range and distribution. 
Cladistic analyses of dental characters of all living and extinct taxa support Lite inirafamiiial 
relationships proposed by Woodbumeetal. (1987a). Litokoala is identified as Ihe sister group 
of the modern genus and Nintiokoala is most closely related to the LitokoaUi/Phoscnktrctos 
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A partial skull, representing a small, highly 
specialised phascolarctid was collected from 
Boid Site East, System B deposits (Archer et al. T 
1989; 1991 ), Riversleigh, northwestern Queens- 
land. Based on a superficial analysis of dental 
morphology, llie skull was incorrectly figured by 
Archer et al. (1991) as a new' species of the 
Miocene phaseolarclid Litokoala. Two species of 
Litokoala were known: L . kutjanutrpensis 
(Slirton ct al., 1967) from the Kutjamarpu Local 
Fauna, Wipajiri Formation, Lake Ngapakaldi. 
South Australia (known from a single upper 
molar) and L kammkaensis (Springer, 1987) 
from Lhe Kanunka Norlh Local Fauna, Eladunna 
Formatjon, South Australia (known from 2 iso- 
lated teeth and some molar fragments). 

N. grey stone si gen. et sp. nov. is similar to 
Litokoala hut its generic separation is substanti- 
ated by comparison with new material (an M 3 and 
a lower dentition) of L kammkaetisis from Sys- 
tem C (Archer et al.,1989; 1991 ) at Riversleigh. 
A further new species of Nimiokoala is 
recognised from South Prospect B Locality, Lake 
Namba. Frome Downs Station. South Australia. 

The moderate abundance of N. greystanesi in 
Riversleigh deposits contrasts with the paucity of 
material of other phascolarctids which arc known 
from isolated teeth or, at best, dentitions. This 
paper describes dentition of the new genus and 
analyses phascolarctid phytogeny based on den- 
tal characters. 

Supragencrie nomenclature follows Aplin «ft 


Archer (1987). Dental terminology follows 
Archer ( 1 97Sb) except that what was (hen under- 
stood to be the hypocone of upper molars is now 
accepted to be the metaconuie (Tedford & 
Woodbume, 1 987 ). Cheek tooth homology is that 
proposed by Luckcti ( 1 993), Btostratigraphie no- 
menclature follows Woodburne et al. (1993), 
Archer et al. (1989) and Archer el al. (1991). 
Specimens referred to are housed in the following 
repositories: Queensland Museum (QMF), South 
Australian Museum (SAMP), University of Cal- 
ifornia at Riverside (UCR), Measurements were 
made using a Wild MS microscope wiih digital 
length measuring set. 

SYSTEMATICS 

Order DIPROTODONTI A Owen, 1866 
Suborder VOMBATIFORMES Woodburne, 
1984 

Infraordcr PHASCOLARCTOMORPHIA 
Aplin & Archer, 1 987 

Family PHASCOLARCTIDAE Owen, 1839 
Nimiokoala gen. nov. 

TYPE SPECIES. Nimiokoala grcxstane&i sp nov. 
ADDITIONAL SPECIES Nimiokoala sp. 

DIAGNOSIS. Nintiokoala differ from all other 
phascolarctids in: being smaller (except species 
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of Litokoala) having a large, Cirspate parastyte 
which is pyramidal in occlusal view (except 
Litokoala ku(jwnarprn$is)\ a well developed, 
ere seen lie paraconule and ncomciaconulcon M 1 ’ 
\ the latter of which is double eusned in the more 
posterior molars; a more reduced meiaeone and 
mctaconulc on M 1 and a more rounded posterior 
margin ol lhat tooth. 

Robust, ridge like erenulai ions; strong 
postiTobuccul ridges from the apices of the pro- 
toconc and metaconule; a discontinuous 
neometaconuJe subdivided into two or mure parts 
and a (variably) discontinuous paraconule; a 
posterolingual cusp on P\. a well -developed 
postcrolingual crest from the apex of the pro- 
tostylid on Mi; a weaker metastyhd; a well-de- 
veloped neomorphic cuspid occupying the 
trigonid basin between the metaconid and pro- 
tocoled on M: 4: an anterobuceally directed pre- 
eniucristid (as opposed to unterolingually 
directed in other phascolaretids); a well-dcvcl- 
oped cuspate entostylid ridge; and a more 
posterobuccally directed postprotostylid cristid. 

Nimiokoala greysxanesi differs from Koohor 
in: being higher crowned; lacking the bicusped 
P 1 ; having strong posterolingual paracristac and 
posterolingual metacristae; having a protostyle; 
and in having reduced stylar cusps and from 
Madakoatp in: being higher crowned; more crcn- 
u luted; m having a more cuspate, isolated 
postcrolingual cusp on P 3 and in lacking the lin- 
gual cingular ridge of that tooth (in M. sp. cf M. 
\\’clki)\ having wider, less elongate upper molars; 
a more buccal junction of the prcmctacristae and 
postparacrislue; a well-developed prolostyle; rel 
utively smaller buccal surfaces of the pafacone 
and metacone; lacking the transverse connection 
between the metaeone and metaconule on M 4 ; 
having a less elongate Pi that consists of three 
main apices (us opposed to lour in Madakoala ), 
a small posterolingual dispute ami a proportion- 
atcly lurger, more isolated postcrohuccal cusp on 
that tooth; lacking the well-developed buccal and 
lingual crests from the main apices of Pi, having 
a larger, more cuspate protostylid on Mi; a more 
linguaily situated protoconid and a more lingual 
junction of the cristid obliqua and 
postprotoeristid in the Mi; a well-developed an- 
terobuecal ridge off the entoconid apex; and in 
lacking the hypoeonid-entoconid crest on M2 4^ 

Nimiokoala differs from Perikoata in being less 
crenulated; lacking the lingual shelf basal to the 
mcluconid and entoconid on the lower molars; 
and in those features listed for Madakoala. 

Nimiokoala differs from Litokoala , 


Phd&cotarctos and Cundokoala y orkenus in: 
having a bulbous, less trenchant l‘\ lacking ihe 
bulbous cuspule at the anterolingual base of the 
metaconule of M* (M 1 unknown for L 
kont4nk<wnsi$)w\d the resultant pocket developed 
between the prcmctaconule crista, 
postprotocrisia and the lingual margin ; lacking 
ihe anterolingual protocone crest on M 1 ; lacking 
a metastylid fold; lacking buccal ribs on live pno- 
tocunid. metaconid and entoconid; having a <)w- 
cominuous lingual ectolophid wherein the 
postmetacristid and precntocristid do not meet; 
having a weaker entostylid: and in having less 
separation between the protoconid and paraconid 
on Mi(Mi unknown for L kutjarnurpensis). 

Nimiokoala greysxanesi differs from L. 
kutjamarpensis in lacking the buccal extension 
connecting the paraconule to the buccal margin. 
Nimiokoala differs from L kannnkomsis in: hav- 
ing a postcrolingual cuspid on Pv, a greater sepa- 
ration of the anterior and posterior apices ui P? 
and a more cuspate anterior apex of that tooth; 
lacking die lingual and buccal ribs ftom the main 
apices on IV, lacking an entoconid lingual shelf 
(post entostylid cristid) and metaconid lingual 
shelf; and in lacking a postcrolingual protoconid 
ndge on M<i. 

Nimiokoala differs from Phascolarctos and 
Cundokoala vorkensis in: having a large 
posterolingual cusp on P 3 and strong anterior, 
buccal and lingual crests that extend from the 
•anterior apex of that tooth; lacking the lingual 
cingular ridge of P 3 ; having proportionately 
wider upper molars; lacking the pocket at the 
anterior base of the protocone on M 1 ; having a 
proportionately less elongate P3; having a large 
postcrohuccal cusp on Pi and strong anterior and 
buccal crests extending from the most anterior 
apex of that tooth; having a preprotostylid cristid 
on Mi that is not continuous with the anterior 
cingulum; lacking the transverse connection be- 
tween. the apices of the metaconid and protoconid 
on M2; lacking the columnar sty lids of the 
metaconid and entoconid on Mm; and in lacking 
(he lingual ridge connecting the bases of the 
protoconid and hypoconid on M: 4. 

REMARKS. Nimiokoala sp. is known only from 
a dentary fragment with M2-4. Comparisons in- 
volving the upper teeth of this genus are therefore 
confined to features of N. greystanesi sp. nov. 

ETYMOLOGY Lalin nimia, excessive, refers to the 
complex molar morphology relative to ulher 
phascolaretids. 
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Nimiokouta greystantsi sp. nov 
(Figs 13; Tabic 1 ) 

ETYMOLOGY. ForGfcystancs High School, winner 
of the Sydney Morning herald/ Riversleigh eompuu- 
lion 

MATERIAL Holotype QMF304H2* cranial fragment 
wiih parts of the left and righi mavillHe> iuguls and 
pal aline, pan of left premaxilla and part u! right frontal. 
The left alveoli of iK P\ M 1 ^ and tight P : \ M 1 
from Neville's Garden Site, System B (Archer ct al , 
1989); early to middle Miocene. Other material: Bold 
site cast - QMF3G483 partial skull with the left and right 
pa* maxillae, nasals, palatine, pari of the left and right 
jugals, right frontal, pan of right parietal, parr of 
basixphenoid and basioccipiiak pari of right lympatlie 
bulla, left l l ^.C l r P^ and anterior half.gfM J . right l 1 , 
alveoli of I 3 alveolus of C 1 , P 3 (missing buccal 
margin) 0nd M * (which is missing the enamel from the 
porastylur corner); QMF30484, ri chi M-* 4 : 
QMF30485, left M 2 : QMF3U486. left M- fragment 
with posterior part of mctaconule and I h c 
iieiimciaconule preserved; QMF30487, light dentary 
tfagmenl with alveolus of It, broken P 3 , M 1 - 4 . 
Neville's Garden Site - QMF3G512, right M*; 
QMF23026, left M 3 ;QMF24232. Iclt M 2 .QMK24267. 
right M-; QMF24233. left M 4 : QMF2090I left M 4 
ami nghl M 4 ; QMF23027, left M 4 and right M 4 ; 
QMF29624. right dentary with Pt. Mia, QMF304SK, 
lelt M 1 ; QMF30489, right M | . QMF242WS. right M | ; 
QMF242G5, right My. QMF20903. left Mr. Tamel 
Sputum Site - QMF30490. left P\ QMF3049I. left 
dentary w ith 1], alveolus of P.t and alveolus of Mj-2’, 
QMR0492, broken right M 3 ; QMF24351, right P 3 . 
Inabeyanee Sue - QMF30493, left dentary fragmem 
with It, P 3 , M i- 2 , M 3 missing the aiiterobuecat comer, 
M4 missing the buccal margin of the protoconid and 
1 Ik? posterobuccal tooth comer. Dirk’s Towers Site - 
QMF245 Ih. molar fragment; QMF2429I . lellM 2 Irag- 
ment; Rat Vomit Site * QMF30494, left dentary frag- 
ment with P 3 , M |-3 (all missing the lingual margin), 
and alveolus of M 4 . Upper Site - QMF3Q495, lefi P- ; 
QMF30496 riehl P 3 ; QMF30497, ritihi M 3 . RSO Site 
QMF30498, left M 3 ; QMF30499, tulonid of M 3 

DIAGNOSIS. N. gteysianesi differs from 
Nimiokoala sp. in having: less rounded lower 
molars; less lingually sloping surfaces of the 
mctacimid and entoconid; a slightly larger en- 
loslylid ridge; a larger neomorphie cuspid in the 
trigonid basin in M2-4, and a lesser reduction of 
(he talomd in M 4 

DESCRIPTION. Incisors. Left and right I 1 of 
QMF304S3 short* pointed, with convergent tips, 
with enamel restricted to the anterior tooth lace, 
with postcrolingual laces dominated by large, 
triangular wear facets. Left \ 2 small, suhovatc m 


occlusal view tapering anierolingually, withi>i:t 
enamel on the occlusal surface. Lcll I 3 small, 
pointed, peg-like, contacting posterobuccal cor- 
ner ol the left r with enamel preserved on the 
buccal face. 

Canines. Left canine short, peg-like, approxi- 
mately 4mm behind the upper incisor arcade. 

P\ LP 3 relatively robust, bulbous, wider poste- 
riorly than anteriorly, w ith 5 majors cusps, 3 ol* 
which lie along a slightly crcsccnlic longitudinal 
crcsl with an additional posterobuccal and 
postcrolingual cusp. The anterior most cusp 
1.61mm posterior to the anterior tooth margin. 
Prominent crests extending anteriorly, posteri 
orly and buccally from its apex; anterior crest 
bifurcating into anterior and postcrolingual spurs; 
spurs extending towards the base of the crow n 
Medial cusp separated from the anterior cusp by 
a deep crevice, connected toihe posterior cusp by 
a short longitudinal crest. Apex of the medial 
cusp 2.32mm posterior in the anterior tooth mar- 
gin. Well-developed crest extending anicrobucc 
ally from the medial apex, fading into the base of 
the crown. Posterior cusp 3.19mm behind ante- 
rior tooth margin, with well-developed posterior 
crest extending from its apex: bifurcating at the 
base of the cusp, with one arm continuing poste- 
riorly and fading mtoihc base oi the crown; other 
cingulum-likc ami curving around the lingual 
tooth margin, connecting to the posterior crest of 
the well-developed postcrolingual cusp. 
Poster* jLingual cusp apex opposite and slightly 
posterior to the medial cusp, with an an- 
tcrolinguai ridge fading into the lingual base of 
1 he crown from the apex. Posterobuccal cusp 
opposite, hul slightly anterior to the posterior 
apex, wjth a well-developed crest extending 
postcrobuecaily from the apex, and fading into 
the base of ihe crown. An additional small 
cuspule at the anterior baxc of the postcrolingual 
cusp. 

RP 3 similar to LP 3 . bui will) less worn, medial 
cusp, smaller postcrolingual cusp having weaker 
posterior crest extending from below the cusp 
apex and more distinct posterobuccal cusp. 

Upper prernolars (QMF30490, QMF30495. 
QMF30496) resemble P 3 of the hololype except 
for: buccal and lingual crests of (he anterior cusp, 
the anlerobucval crest of live medial cusp and the 
posterobuccal crest of the posterobuccal cusp are 
reduced in QMF30495; undivided posterior crc*i 
ol the posterior cusp fading into the anterior base 
of the crown in QMF30495, QMF30490 and 
QMF30496; small cuspule at the untet ior base of 
ihe posierolingual cusp absent In QMF30495 and 
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FIG. 1. Partial skull of Nimiokoala greystanesi gen. et sp. nov., QMF30483: A, ventral view; B, right lateral 
view; C, left lateral view. Bar= 10mm. 


QMF30496; enamel missing from most of the duced buccal crest of the anterior cusp, terminat- 
occlusal surface of larger QMF30490 with re- ing before reaching the base of the crown. 

M 1 . Buccal margin of left M 1 slightly concave, 
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sloping anterolingually opposite the mctacone; 
apices of the mctacone and paruconc slightly 
overhanging their lingual bases: lingual bases of 
paracone and metaconc more lingually sloping in 
QMF30483 and QMF305 1 2 than in the holotypc; 
metaconc taller than paruconc; metaconule taller 
than protoconc; parasiylitr corner, posterior ami 
anterior base of mctacone. posterior base of 
paracone, buccal bases of protoconc and 
metaconule, lingual bases of paraconule and 
neometaconule and transverse valley crcnulatcd. 
l\iracomile well-developed, crescentic, cuspate, 
occupying the longitudinal valley between 
pataeone and prulocone, bifurcate anteriorly, 
main arm extending anterobuccally and connect- 
ing to the anterolingual base nt the parastylar 
comer, with two shorter, anteriorly directed spurs 
terminating at the base of the anterior cingulum 
and meeting the anterior cingulum in 
QMF30483. Posteriorly paraconule connecting 
to a strong posterulingual paracrista and a well- 
developed crest extending postcrobuccally trum 
the protoconc apex; this connection more ad 
vanccd in LM 2 \ Paraconule not bifurcate poste- 
riorly m RM l of holotypc (or in QMF30483) but 
connecting to the posterulingual paracrista. Pos- 
teriorly bifurcate paraconule in QMF305 12 with- 
out connection to the posterobuccal protocone 
crest. Large, crescentic, bjeusped neometaconule 
occupying longitudinal valley between mctacone 
and metaconule in M’. Neometaconule in LM M 
divided into two distinct cuspate V-shaped struc- 
tures. Neometaconule highly variable. In LM l of 
holotypc connected to premetaconulc crista by 
short anterior spur (not in RM 1 ), w ith second spur 
extending anterobuccally from the 
neometaconule and terminating in the transverse 
valley. In QMF30512 anterobuccal arm continu- 
ous with well-developed transverse ridges occu- 
pying the transverse valley of that tooth. 
Neometaconule connecting to anterolingual 
inctacrisia in RM 1 of QMF304S3. Bifurcating 
posteriorly in LM* of the holotypc: Short 
posterolingually directed spur meeting a well-de- 
veloped crest extending posterobuccal I y from the 
metaconule apex (these structures not meeting in 
RM 1 of the holotypc); main arm of the 
neometaconule extending postcrobuccally, meet- 
ing both the posterolingual metacrista and the 
posterior cingulum. Neometaconule not meeting 
posterolingual metacrista or posterior cingulum 
in QMF30483 and QMF305 12. Slightly crescen- 
tic preparacrista extending anterobuccally from 
the paracone apex to the buccal margin, bifurcat- 
ing, with one arm continuing amerohueeally to 


meet the postpamsiy lurerista. second at m cxicikJ 
ing postcrobuccally, connecting with stylar cusp 
B Slightly longer postparaensta bifurcating al 
the buccal margin; with one arm continuing 
postcrobuccally to meet the prcmctacristu at the 
buccal margin; with second arm extending im- 
tcrohuccally to meet stylar cusp C at buccal tooth 
margin. Paracone buccal basin closed on M 1 of 
holotypc, variably closed in other specimens. 
Mctacone with stylar cusps D and li reduced 
(stronger on QMF305 12); with buccal basin shal- 
low* anJ open. Height of the stylar cusps decreas- 
ing progressively from the paraslyle to C Strong 
posterolingual puracristae, anterolingual 
mctacristae and posterolingual mctacrista in the 
upper molars of the holotypc. Anterolinguul 
parueristftc in QMF305I2, QMF20y01 and 
QMF23027. Protocone apex opposite but slightly 
posterior to the paracone apex, slightly lingual 
relative in the metaconule apex. Crescentic 
postprotocrista and prcmctaconule crista meeting 
in the transverse valley well buccal to the lingual 
tooth margin. A senes of short spurs extending 
buccally from this junction, terminate in the 
transverse median valley. Proloslyle well devel- 
oped, at the amerobuccal base of the protoconc. 
extending posteriorly from the preprotocrisLi. ter- 
minating at the buccal base of the protoconc 
opposite the apex of the paraconule. Surlace 
enamel crcnulations in the transverse valley ol 
the LM 1 aligned into two parallel (discontinuous) 
transverse crests, contrasting w ith the reticulate 
pattern in RM 1 and more posterior molars of 
holotypc. Distinct transverse crests occupying 
the transverse valley in QMF30483 and 
QMF30498. 

M - \ Similar in most aspects to LM 1 except for 
teeth tapering more poftlerioi ly, ti iangular buccal 
surfaces of the paracone and mctacone sloping 
more steeply |o the buccal margin; buccal margin 
more concave, buccal margin of the metaconc 
sloping more posterolingually. parastyle absent; 
more reticulate ctenulations; reduced stylar 
cusps; a deep pocket formed by the junction of 
the prometacomrieerista, postprotocrista, the 
posterobuccal crest of the protocone and the- 
posterolingual arm of the paraconule; protostyle 
reduced, connecting to the paraconule; 
neometaconule reduced, divided into 2 distinct 
V-shaped structures; neometaconule meeting an- 
terolingual meiaerisia; a vague anterolingual 
paracrista in LM*‘ 

M 4 (Fig. 2B). Paracone, paraconule and pco- 
toconc at similar stage of development to M*of 
the holotypc. Mctacone and metaconule ex- 
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tremely reduced to small cuspules on the 
poslerobuccal and posterolingual margins, re- 
spectively. Posterior margin crescentic, consist- 
ing of a series of ridges extending anteriorly into 
the transverse valley. Premetacrisla forming part 
of the posterior margin, curving anterobuccally 
around the tooth margin to meet the 
postparacrista at the buccal exit of the transverse 
valley. Neometaconule reduced, indistinguisha- 
ble from the enamel crenulations. 

Right dentition of the holotypc similar to the 
left except for: smaller RM 1 ; less convex buccal 
margin; paracone and metacone sloping more 
gently to the buccal margin; deeper and less cren- 
ulated transverse valley lacking parallel trans- 
verse ridges; protocone higher than the 
metaconule; paraconule and neometaconule 
taller and less crescentic; paraconule apex closer 
to the prolocone, not bifurcate anteriorly, without 
connection to the posterobuccal crest of the pro- 
locone; neometaconule not bifurcate anteriorly; 
protostyle weaker; anterolingual paracrista 
vaguely developed in the right M 1 . 

LOWER DENTITION (Figs 2C, 3A-C). If. Inci- 
sor narrow, lanceolate, with enamel covering 
ventral and buccal surfaces of the anterior half, 
with fine shallow longitudinal groove linearly 
along the buccal margin terminating approxi- 
mately I mm posterior to anterior tip of tooth. 

P 3 . LP 3 small, short longitudinally, of 3 aligned 
main cusps (anterior, medial and posterior), a 
large posterobuccal cusp and a small 
posterolingual cusp; lingual surface sloping stee- 
ply to the lingual tooth margin; shallow crevice 
separating the anterior cusp from the medial cusp: 
medial apex connected to the posterior cusp by a 
short longitudinal crest; prominent anterolingu- 
ally directed crest and poslerobuccal I y directed 
crest extending from the anterior apex and fading 
into the base of the crown; prominent crest con- 
necting posterior cusp to posterior cingulum; 
apex of the posterobuccal cusp opposite and 
slightly posterior to the posterior cusp. Short an- 
terobuccally and posterolingual ly directed crests 
extending from the apex of the posterobuccal 
cusp. 

Lower molars distorted, with meiaconid and 
enloconid anteriorly displaced relative to the pro- 
toconid and hypoconid, respectiv ely. 

M). Subrectangular, anteriorly attenuated; 
hypoconid largest cusp on the talonid; protocoled 
largest cusp on the trigonid; well-developed pro- 
tostylid at the buccal margin, opposite and 
slightly posterior to the protoconid apex. Pro- 


tostylid and hypoconid pyramidal in occlusal out- 
line in QMF30493 but more rounded in 
QMF30494. Preprotocrislid extending an- 
terolingually from the protoconid apex to a rela- 
tively small paraconid at the anterolingual corner 
(in QMF30488 paraconid connected to the pre- 
metacristid by a short longitudinal crest). Pre- 
metacristid poorly developed. Linear 
postprotocristid extending posteriorly into the 
central basin, meeting the crenulated crislid ob- 
liqua slightly lingual to the longitudinal tooth 
axis; postmetacrislid extending posterolingually 
towards the weakly developed metastylid at the 
lingual tooth margin, with a well-developed 
posterolingually directed ridge branching off and 
extending into the transverse valley separating 
the talonid and trigonid. Crescentic pre- 
protostylid cristid curving anterolingually along 
the anterior tooth margin, connecting to the an- 
lerobuccal base of the protoconid, this connection 
slightly more lingual in QMF30488 and slightly 
more buccal in QMF30489. Postprotostylid 
cristid extending towards the lingual margin, ter- 
minating at the anterior base of the hypoconid; 
less developed in QMF30488 and QMF30494, 
fading into the posterior base of the protostylid. 
Well-developed posterol ingually developed crest 
extending from the protostylid apex, terminating 
at the posterior end of the longitudinal crevice 
separating the protostylid and protoconid, more 
crescentic and with an additional short lingual 
ridge extending from the protostylid apex in 
QMF30488. Preentocristid extending an- 
terobuccally (as opposed to anterolingually in 
other phascolarctids) into the transverse valley 
separating talonid from trigonid. A second crest 
extending anterobuccally from the entoconid 
apex, running parallel to the preentocristid. An 
additional buccally directed crest extending from 
the entoconid apex into the valley separating the 
bases of the entoconid and entostylid ridge. 
Postentocristid extending posteriorly along the 
lingual margin to a poorly developed entostylid 
at the posterolingual corner of the tooth. Large 
cuspate ridge in the longitudinal valley between 
the enloconid and hypoconid analogous to, al- 
though more strongly developed than, the en- 
lostylid ridge in Litokoala and Phascolarctos. 
Entostylid ridge bifurcating anteriorly; two an- 
terobuccally directed ridges extending from its 
apex, meeting the cristid obliqua. Bifurcating 
posteriorly: two posterolingually directed ridges 
terminating at the base of the posterior cingulum. 
Entostylid not bifurcate in QMF30494. 

M 20 . M 2 and M 3 similar to Mi except for: 
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FIG. 2. Nimiokocila greysmnesi gen. ct sp. nov. A-A\ QMF30482, holotype, occlusal stereopair of rostral region. 
B-B\ QMF23027, right M 4 , occlusal stereopair. C-C\ QMF30487, right dentary fragment, occlusal stcreopair. 
Bar = 5mm. 


protostylid absent; paraconid absent; preproto- 
cristid continuous with anterior cingulum; 
postprotoeristid linear, extending posterolingu- 
ally towards its junction with the eristid obliqua; 
premetacristid more prominent, continuous with 
the anterior cingulum; entostylid reduced result- 
ing in a more rounded posterolingual tooth cor- 
ner; entostylid ridge reduced, not bifurcate; 
entoeonid reduced in M 3 ; hypoconid reduced; 
preentocristid and posterobuccal metacristid 
joining, closing the transverse valley well buccal 


to the lingual tooth margin. A neomorphic cuspid 
in the longitudinal valley between the metaconid 
and protoconid in M 2 - 4 , with a well-developed 
posterolingually directed ridge and a weaker an- 
terobuccally directed ridge extending from its 
apex, more strongly developed and more sepa- 
rated from the metaconid in M 2-4 of QMF30487 
than of QMF30493. 

M 4 . M 4 similar to M 2-3 except for; entostylid 
ridge further reduced, connecting posteriorly to 
the posterior cingulum; neomorphic cuspid re- 
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FIG, 3, Nimtokoala greysianesi gen et sp nov, A-C, QMF30493. A-A\ occlusal stereopair of left dentary. B, 
buccal view, C, lingual view. Bar = 10mm, 


duced; postprotocristid and cristid obliqua not 
meeting end to end but parallel each other (as in 
L. kanunkaensis and some P. cinereus); talonid 
severely reduced resulting in a greater anterior 
displacement of the entoconid and metaconid 


(relative to the hypoconid and protoconid, respec- 
tively) (as in L. kanunkaensis and some 
pseudocheirids). 

REMARKS. QMF30482 (Fig. 2A) was chosen as 
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TABLE 1. Dentition measurements (mm) for Nimiokoala greysranesi sp. nov. and Nimiokoala sp. (last line 
SAMP 1 9952 only). L= length; W=width; AW, anterior width; PW, posterior width; *=estimate. 


A. UPPER CHEEK 

DENTITION 












Spec. 

Side 

P3 

Ml 

M2 

M3 

M4 

L 

W 

L 

AW 

PW 

L 

AW 

PW 

L 

AW 

PW 

L 

AW 

PW 1 

QMF30482 

L 

4.50 

3.98 

6.45 

5.94 

5.66 

6.05 

6.18 

5.52 

5.70 

5.67 

4.63 




Holotype 

R 

4.48 

3.51 

5.99 

5.74 

5.35 

5.92 

5.90 

5.54 







QMF30483 

L 

4.51 

3.95 

L 

5.39 

- 










R 

4.63 

3.83 

6.30 

5.47 

5.68 










QMF30484 

R 






5.53* 

5.63 

5.22 

5.16 

5.15 

4.46 

4.60 

4.48 

242 

QMF30490 

L 

4.87 

4.15 













QMF30495 

L 

4.52 

3.68 













QMF30496 

L 

4.46 

3.53 













QMF30512 

L 



6.81 

5.99 

5.93 










QMF24267 

R 






6.12 

6.14 

5.41 







QMF24232 

L 






6.13 

6.01 

5.42 







QMF30485 

L 






- 

- 

5.23 







QMF30498 

L 






5.18 

5.27 

4.85 







QMF23026 

R 






5.67 

5.88 

5.52 







QMF30497 

R 









5.28 

5.28 

4.72 




QMF24233 

L 












4.12* 

3,96 

1.91 

QMF23027 

L 












4.47 

4.24 

2.65 

R 












4.67 

4.32 

2.62 

QMF20901 

L 












4.68 

4.69 

2.81 

R 











4.29 

4.16 

2.30 

B. LOWER CHEEK DENTITION 

QMF30487 

R 

4.10 

3.00 

5.70 

3.15 

3.69 

5.77 

3.28 

3.62 

5.56 

3.19 

3.28 

5.07 

3.16 

3.00 

QMF30493 

L 

3.35 

2.44 

5.95 

3.54 

3.40 

5.85 

3.40 

3.43 

5.50 


3.04 

5.10 

- 

- 

QMF30494 

L 

3.6G 

2.46 

5.37 

L 

3.41 

5.86 

3.22 

3.28 

5.57 

3.17 

3.05 




QMF29624 

L 

3.86 

2.54 

5.91 

3.07 

3.48 

5.75 

3.26 

3.34 

5.53 

3.30 

3.12 




QMF2435I 

R 

3.21 

2.25 













QMF24266 

R 



6.22 

4.29 

3.66 










QMF30488 

R 



6.19 

3.42 

3.63 









J 

[ QMF30489 

R 



5.96 

3.45 

4.04 









! 

QMF20903 

L 






6.31 

3.55 

3.92 






] 

f QMF24265 

R 






5.84 

3.27 

3.30 






! 

SAMP 19952 

L 






5.04 

2.77 

3.00 

5.18 

2.95 

2.88 

4.32 

2.53 

2.19 ' 


holotype because it contains most of the upper 
dentition well-preserved and relatively unworn. 
The holotype is thought to represent a juvenile 
because of the shorter premaxilla in comparison 
with the adult skull, QMF30483. 

Nimiokoala sp. 

(Fig. 4, Table 1) 

MATERIAL. SAMP19952 left dentary with alveoli of 
P 3 and Mi, M2-4 intact from late Oligoccne to middle 


Miocene South Prospect B locality, Lake Namba, 
Frome Downs Station, South Australia. 

REMARKS. Enamel is missing from the lingual 
margins of the metaconids and entoconids and the 
buccal margins of the protoconids and 
hypoconids. Features of the M 2 are difficult to 
discern because of extreme wear in that tooth. 
Only points of difference from N. greysranesi are 
noted here. 

Lower molars are proportionately smaller (by 
approximately 15%) and more rounded, espe- 
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FIG. 4. Nimiokoafa sp.. SAMP 1 9952, from South Prospect B Locality, Lake Namba, South Australia. Occlusal 


stcreopairof right dentary, Bar= 10mm. 

daily the talonid. The neomorphic cuspid be- 
tween the metaeonid and protoeonid in M 2-4 is 
weaker, as is the entostylid ridge. The lingual 
surfaces of the protoeonid and metaeonid slope 
more lingually. The talonid of M_t is further re- 
duced. 

This taxon is left in open nomenclature in the 
absence of the upper dentition. The features men- 
tioned above as differences between the central 
Australian and Riversleigh materials vary signif- 
icantly between individuals of N. greystanesi and 
may not be reliable species indicators. 

Litokoala Stirton, 1967 

TYPE SPECIES, Litokoala kutjamarpensis Stirton, 
1967. 

OTHER SPECIES. Litokoala kanunkaensis Springer, 
1987. 


DIAGNOSIS. Litokoala differs from other 
phascolarctids in having a poslerobuccal crest 
extending from the apex of the metaeonid on 
M 2-4 (although this crest is reduced on M 4 ); a 
well-developed posterolingually directed crest 
from the protoeonid apex of M 4 . Litokoala differs 
from other phascolarctids except Phascolarctos 
and Cundokoala yorkensis in: having a neomor- 
phic cuspule at the anterior base of the meta- 
conule of M 1 ; an anterolingual protocone crest on 
M 1 and consequently a much squarer an- 
terolingual margin of that tooth; a metastylid fold 
wherein the postmetastylid cristid is continuous 
with the preentocristid; an anteriorly bifurcate 
preentocristid on the lower molars; and internal 
ribs on the metaeonid and hypoconid of Mi. 

Litokoala differs from all other phascolarctids 
except Nimiokoala in having: a well-developed 
crescentic paraconule and neometaconule on 
upper molars; an anteriorly displaced entoconid 
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FIG. 5. Liiokoalci kanunkaensis , Henk’s Hollow Site, Riversieigh Station. A- A’, QMF30502, RM 3 occlusal 
stereopair. B-D, QMF30500, RP 3 . B-B\ occlusal stereopair. C, buccal view. D, lingual view. Bar = 5mm. 


(relative to the hypoconid) on M4; an anteriorly 
displaced metaconid (relative to the protoconid) 
on M4; and a parallel arrangement of the 
postprotocristid and cristid obliqua on M 4 
wherein these cristids do not meet end to end. 

Litokoala differs from Koobor in: being 
smaller; having less rounded bases of the 
paracone, metacone, protocone and metaconule; 
having less elongate molar proportions; reduced 
stylar cusps; a paraconule on M 3 ; and a 
neometaconule on M 1,3 . 

Litokoala differs from Madakoala and Peri- 
koala in: being smaller; higher crowned; more 
selenodont; having a larger neometaconule; a 
more crescentic, less linear paraconule; an en- 
tostylid ridge in the lower molars; a more lingual 
junction of the cristid obliqua and 
postprotocristid; a larger developed protostylid 
and a more lingual protoconid on Mi; a less 
strongly developed, more buccally positioned 
paraconid on Mr, and a more strongly developed 
entostylid. 

Litokoala differs from Perikoala in: lacking the 
well-developed stylar border of the paracone and 
metacone; lacking the additional stylar cusp an- 
terior to stylar cusp E; having a weaker entoconid 
lingual shelf; and a weaker premetacristid. 

Litokoala kutjamarpensis differs from 
Madakoala and Perikoala in having a buccal 
extension of the paraconule which connects to the 
buccal margin of M 1 . Litokoala kanunkaensis 
differs from Madakoala and Perikoala in: lack- 
ing the M 2 protostylid ridge; having a less elon- 
gate P 3 ; a more prominent posterobuccal cusp; 


and having 3 apices on the longitudinal crest (4 
in Madakoala devisi\ 5 in M. wellsi) on P 3 . 

Litokoala differs from Nimiokoala in: having 
less steeply (more buccally) sloping buccal sur- 
faces of the paracone and metacone; lacking the 
division of the neometaconule in the more poste- 
rior molars; lacking the well-developed 
posterobuccal crest from the apex of the 
metaconule; having a weaker posterobuccal crest 
from the protocone apex; lacking the 
posterolingual ridge off the apex of the pro- 
tostylid on Mi; having a less cuspate, more pos- 
teriorly positioned entostylid ridge; having an 
anterolingually (as opposed to anterobuccally) 
directed preentocristid; a more posterolingually 
directed postprotostylid cristid; a lingual en- 
toconid shelf; and a more strongly developed 
entostylid. Litokoala kanunkaensis differs from 
species of Nimiokoala in: lacking the 
posterolingual cusp on P3; in having a weaker 
anterior cusp on P3; buccal and lingual ribs which 
extend from the main apices of the longitudinal 
crest in the P3; and in lacking the neomorphic 
cuspid between the metaconid and protoconid of 
M2-4. 

Litokoala differs from Phascolarctos and 
Cundokoala yorkensis in: being smaller; having 
well-developed anterolingual mctacristae; hav- 
ing proportionately less elongate lower molars; a 
less pronounced entoconid basal shelf; and in 
lacking the ridge connecting the buccal bases of 
the protoconid and hypoconid of M 2 - 4 . 




220 


MEMOIRS OF THE QUEENSLAND MUSEUM 


Litokoala kanunkaensis Springer, 1 987 
(Figs 5-6, Table 2) 

MATERIAL. Holotype SAMP32397 (=UCR2I926) a 
right M2 from latest Oligocene UCR Locality R V-8453 
Kanunka North Local Fauna, Etadunna Formation, 
west side of Lake Kanunka, South Australia. Other 
material: from Kanunka North Site: UCR2l945,aright 
M-i; UCR2 1 980, a mctacone of a right M 3 ; UCR21 979, 
a mctaconc of LM*: late Oligocene. From Menk's 
Hollow Local Fauna: QMF30500, right P3; 
QMF 13079, right dentary fragment with posterior half 
of P3, M| -2; QMF30502, right M^; from Gag Site: 
QMF30501 , right M t ; from Gotham Site: QMF30503, 
M x fragment containing paracone and buccal half of 
protocone. From JC9 Site: QMF20809, right M3; Sys- 
tem C, Riversleigh, middle Miocene (Archer et aL 
1989; 1991). 

DIAGNOSIS. Litokoala kanunkaensis differs 
from L kutjamarpensis in: having a short longi- 
tudinal spur connecting the paraconulc to the 
anterior cingulum; lacking the bulbous cuspule at 
the anterolingual base of the metaconule; lacking 
the protoslyle (the latter two features may be 
result of differences along the tooth row rather 
than interspecific differences); lacking the dis- 
tinct postcrolingual and anterolingual paracrisla; 
having a strong anterobuccal crest from the 
metaconule apex. 

COMPARISON WITH THE HOLOTYPE. Prior 
to this study L. kanunkaensis was known from 
two isolated lower molars, an M2 and M4. Refer- 
ral ofthe Riversleigh material to L. kanunkaensis 
is based on the similarity ofthe M2 of QMF 1 3079 
to the holotype. Some small differences are: M2 
of QMFI3079 is slightly larger; posterobuccal 
mctaconid strut is poorly defined and bifurcates 
in the trigonid longitudinal valley, one spur fad- 


TABLE 2. Measurements (mm) for right lower denti- 
tion of Liiokoala kanunkaensis from Rivcrsleigh's 
System C deposits. Abbreviations as forTable I. 



p 1 

Mi 

Mi 

Ml 

QMF 

No. 

L 

W 

L 

AW' 

PW' 

L 

AW 

PW 

L 

AW 

PWj 

30500 

4.12 

3.10 










30501 



4.72 

2.63 

3.04 







13079 


2.62 

4.89 

3.14 

3.58 

5.15 

3.43 

3.57 




20809 









5.48 

3.39 

3.40 


ing buecally into the protoconid base and the 
other spur continuing posteriorly then turning 
sharply lingually before becoming part of the 
molar crenulation pattern; the entostylid ridge is 
less cuspate and arises from the posterobuccal 
base of the entoconid (unlike the holotype in 
which it arises from the postentocristid); and the 
transverse median valley, the posterior base of the 
protoconid, the cristid obliqua and the transverse 
valley separating the bases of the protoconid and 
hypoconid are more crenulatcd than in the holo- 
lype. 

QMF13079 M2 is significantly more worn than 
the holotype which may account for the poorer 
crest definition. Analysis of intraspecific varia- 
tion in Phascolarctos cinereus and Nimiokoala 
greystanesi indicate that these differences do not 
warrant specific distinction. Most variable fea- 
tures in the modern species include: molar size; 
pattern and degree of molar erenulations; cristid 
obliqua; entostylid ridge. Although the entostylid 
ridge may be phylogenetically significant in 
phascolarctids, it is highly variable. It may be a 
we II -developed cuspate structure, relatively in- 
distinguishable as a series of discontinuous cren- 
ulate ridges, completely isolated at the base of the 
entoconid or variably connected to the 
postentoeristid, the base of the entoconid or the. 
posterior eingulum. Hence differences between 
the holotype and QMF13079 are within intraspe- 
cific variation. 

DESCRIPTION. P3 (Fig. 5B-D). Short, semi-rec- 
tangular, of 4 major cusps anteriorly, medially, 
posteriorly and postcrobueeally on the crown. 
Anterior, medial and posterior cusps on a longi- 
tudinal crest extending the length of the crown. 
Anterior cusp tallest, I /3 of way along longitudi- 
nal crest, above the anterior root of P3. Anterior, 
buccal and lingual crests extending from its apex; 
anterior crest fading into the anterolingual base 
of the crown; lingual crest fading down the lin- 
gual tooth margin, curving posterolingually at its 
tip; buccal crest short, fading into the buccal tooth 
margin. Anterobuccal, anterolingual and 
postcrolingual crests extending from the poste- 
rior cusp apex; anterobuccal crest poorly devel- 
oped, extending into the valley between the 
posterior and posterobuccal cusps, meeting a 
short lingual ridge from the posterobuccal cusp 
apex; anterolingual crest better developed, fading 
down the lingual margin; posterolingual erest 
curving anterolingually along the base of the 
crown, becoming cingulum-like, fading into the 
base of the posterior cusp. Posterobuccal cusp 
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FIG. 6. Litokoala kammkaensis. A-A\ QMF13079, right deniary fragment with posterior half of P3 , Mj- 2, 
occlusal stereopair B-B\ QMF30501, RMj, occlusal stercopair. C-C\ QMF20809, LM3 occlusal siereopair. 
Bar - 5mm. 


opposite but slightly posterior to the posterior 
cusp, with a short posterolingual ridge extending 
from its apex and terminating at the posterior end 
of the valley between the posterior and 
posterobuccal cusps, with short, anterobuccal 
crest extending from its apex and fading towards 
the base of the crown. 

Mi (Fig. 6B). Semi-rectangular, tapering 
slightly anteriorly. Protoconid most worn of the 
major cusps, with well-developed protostylid op- 
posite but slightly posterior to apex. Short, linear 
cristid extending posteriorly from the apex of the 
protostylid into the transverse valley, bifurcating 
into posterolingual and posterobuccal arms, both 
arms terminating in the transverse valley between 
the talonid and trigonid. (In QMF13079 
postprotostylid cristid more crenulated, bifurca- 
tion less distinct and more a part of the crenula- 
tion pattern). Anterolingual cristid from 
protostylid apex crescentic, well defined, contin- 
uous with the anterior cingulum extending to the 
anterolingual corner of the tooth. Lingual rib 
from the protostylid apex short, fading into its 
base. Crescentic, cingulum-like ridge extending 
posterobuecally from the posterobuccal base of 
the protostylid, fading into the anteriorba.se of the 


hypoconid. Preprotocristid extending an- 
terolingually to the paraconid, a moderately de- 
veloped, slightly cuspate structure at the 
anterolingual tooth corner, with a posterolingu- 
ally directed ridge fading down the lingual mar- 
gin towards the base of the crown. Anterobuccal 
crest continuous with the anterior cingulum/prc- 
protostylid cristid. Postprotocristid extending 
posteriorly meeting cristid obliqua slightly lin- 
gual to the longitudinal axis of the tooth. 
Postmetacristid extending posterolingually from 
the apex of the metaconid to the lingual margin, 
swelling at this point to form the metastylid 
Posterolingual ridge from the metastylid short, 
fading down the lingual tooth margin, better de- 
veloped in QMF 13079. Postmetastylid cristid a 
short, buccal ridge, continuous with the pre- 
entocristid, resulting in the metastylid fold. En- 
toeonid sub-pyramidal. Preentocristid extending 
anteriorly towards the transverse axis, curving 
lingually, bifurcating with one spur extending 
lingually to meet the postmetastylid cristid and 
other extending anterobuceally into the trans- 
verse valley to lingual base of the junction of the 
postprotocristid and cristid obliqua. QMF13079 
(Fig. 6A-A’ ) with a short anterolingual spur ex- 
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tending from the junction of ihc postproiocristid 
and crisiid oh]ic|ua to die anterobuccal spur of the 
preentoeristid. A well-developed anierohuecal 
ridge extending from the entoeonid apex, lernti- 
naling at ihc anierohuecal base of the entoeonid, 
just lingual to the anterior arm of the cnlostylid 
ridge. Eostentoeristid curving postcrolingually 
from Ihc cnloconid apex to the poslerolingual 
tooth cornet * swelling at this point to fen in a small 
cnlostylid, A short anterolingual ridge fading 
down the lingual tooth margin from the cnlostylid 
apex, better developed in QMFI3079. A short 
posterobuecal ridge extending from the en- 
rosiylid apex, continuous with die posteiior cin- 
gulum. Well-developed cuspate entostylid ridge 
al the posterobuecal base of the protoconid, lad- 
ing anteriorly along the longitudinal tooth axis, 
with a shorter posterior spur terminating before 
meeting llte posieriurcingulum. QM FI 3079 with 
entostylid ridge extending buccal ly from the 
posicntoenstid. similar in this respect to the ho- 
iotype. Hypoeonid largest of the main cusps. 
Posthypoeristid extending posterulingually along 
the posterior tooth margin, becoming continuous 
with the posterior cingulum, Crisiid obi it) ua long, 
well-developed, crenelated, relatively linear, ex- 
tending anterolingual ly from the hypoconidapex, 
meeting die posipnMoeiistid on the transverse 
valley slightly lingual to the longitudinal axis. 
Talomd basin, transverse valley between the 
talon kl and trigonid and buccal base of the en- 
texomd and protoconid crcnukitcd. Lingual base 
of the hypoeonid and proiustylid lightly ctciui- 
laicd, Protosiylid occupying the rmterobuccnl 
corner of the tooth, lying well buccal to the lon- 
gitudinal axis Shun lingual ribs extending fioni 
apices of the entoeonid, hypoeonid. protoconid 
and pruloslylul, Short buccal ribs oil the pro- 
mconid and mctaconid apices, less prominent in 
the hololypc. 

Mi (Fig 6C-C) is similar to the hololypc ex- 
cept lor: being sliglnly larger, having buccal 
bases of the protoconid and hypoeonid more 
rounded, the lingual shelf of the metaeonid better 
developed, the crisiid oblujua and 
postprotocri.stid meeting at a more lingual posi- 
tion. the anterobuccal entoeonid ridge and the 
posterobuecal metaeonid tulge poorly developed 
(possibly due to wear) and the entostylid ridge 
extending buccal ly from the postemosty lid crisiid 
rather Ilian (rum the poslcnlocrixnd. 

M 1 (Fig. 5A-A*) Length 5 16mm: anterior 
width 5.22mm: posterior width 4.2Hmm. Sub- 
quadrate, tapering slightly posteriorly, w ith shal- 
low surface enamel crenulations in the transverse 


valley and posterior base of paravane. Buccal 
bases of the protoconc and metaconc large, 
rounded, with lingual bases of all major cusps 
sloping gently linguully. Triangular buccal sur- 
face of paracolic reduced relative to the mclacone 
(less marked in QMF30503). Buccal margin of 
the paraconc sloping mucrolingually; buccal mar- 
gin of the metaconc slopingsligiuly postcrolingu- 
ally in occlusal view. Buccal basins of the 
paraconeand metaconc .shallow and open. Buccal 
basin of the paraconc deeper than that of the 
metaconc, Stylar cusps B and C well-developed 
on the paraconc, Stylar cusps on the metaconc 
poorly developed, stylar decrease progressively 
front B to E. In QMF30503 stylar cusp C more 
strongly developed, almost dosing the paraconc 
buccal basin. Prcparacrista relatively short crest, 
extending antcrobuccally to the anterobuccal 
tooth comer, bifurcating, with one arm curving 
buecully and becoming continuous with the ante- 
rior cingulum, the other short ridge extending 
posterobuecal ly, lading -along the paraconc buc- 
cal margin lo a slight swelling representing stylar 
cusp B. Longer, relatively linear poslpamcrista 
extending posicrohuccally to the buccal margin, 
meeting prcmetuerisla, closing the buccal exit of 
the transverse valley. Stylar cusp D a slight swell- 
ing at the huccal tip of the prcmeiacrista. 
Postnietacrista linear, extending posicrohuccally 
from the mclacone apex to the poMerohuccal 
tooth corner, meeting the posterior cingulum. 
Paraconule al the anterolingual base of the 
paraconc. slightly cuspate at this point, bifurcat- 
ing anteriorly, with main linear arm extending 
anterobuccal lyv terminating at the anterolingual 
base of the panic tine before meeting the anterior 
cingulum, with a minor ami connecting the ante- 
rior cingulum I incur posterior arm of ihc 
paraconule extending posteriorly along the longi- 
tudinal valley between the paraconc and pro- 
toconc. bilurcuting al a point just anterior to the 
transverse median valley; A shon posterobuecal 
arm meeting the posterolingual paraerista; sec- 
ond arm continuing posteriorly into the trails 
verse median valley. A cuspate, anteriorly 
bifurcate neometaeonuie at the anterolingual base 
of the metaconc* with the main crenulated arm 
extending antetobuceally* meeting the an- 
terolingual meiacri slant the base oft lie metaconc. 
A shorter arm fading ling ual ly from the 
neometaeonuie apex into the longitudinal valley 
at the buccal base of the hy poeone Posteriorly, 
the linear arm of the neometaeonuie fading into 
Ihc longitudinal valley between the mclacune and 
metaconulc. Buccal surfaces of the prolocone and 
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FIG. 7. Phylogeny of the Phascolarctidae based on 
cladislic analysis of dental characters (Table 3). 
Apomorphies are represented by boxed numbers. Ar- 
rows indicate character state transformations. 0 = 
plesiomorphic character state; 1 = derived character 
state; 2 = most derived character state. 

mctaconulc sloping gently buccally. Pre- 
protocrista long, crescentic crest, extending an- 
terobuccally, curving more buccally into the 
longitudinal valley, meeting the anterior spur off 
the paraconule, becoming continuous with the 


anterior cingulum. The slightly more crescentic 
postprotocrista extending posterobuccally to- 
ward the transverse valley, turning sharply bucc- 
ally, meeting the short, slightly crescentic 
prehypocrista at the buccal end of the transverse 
valley between the metaconule and protoconc. 
Prehypocrista bifurcating just posterior to the 
transverse valley, with one arm continuing an- 
terobuccally to the postprotocrista, with the other 
crenulated arm extending buccally, then an- 
terobuccally into the transverse median valley. 
Junction of the postprotocrista and prehypocrista 
effectively sealing off the lingual exit of the trans- 
verse valley well-in from the lingual margin. Two 
short ridges at the posterolingual base of the 
protocone and the anterolingual base of the 
metaconule. Posterolingual base of the protocone 
slightly crenulated and cingulum-like. The long, 
slightly crescentic posthypocrista extending 
posterobuccally, becoming continuous with the 
posterior cingulum. A relatively well-developed 
anterobuccal ridge from the metaconule apex, 
fading towards its base. Posterobuccally directed 
ridge from the protocone apex fading into the 
postcrobuccal base of the protoconc. 
Posterolingual paracrista bifurcating at its base, 
one arm meeting the anterobuccal arm of the 
paraconule and continuing into the transverse 
median valley, with the other extending 
posterobuccally into the transverse median val- 
ley. Anterolingual metacrista bifurcating at the 
anterolingual base of the metacone, one arm con- 
tinuing anterolingually to meet the anterobuccal 
arm of the neometaconule, the other extending 
anterobuccally into the transverse valley between 
the paracone and metacone. 

PHYLOGENETIC ANALYSIS 

Seventeen dental characters which provide 
phylogenetically useful data on phascolarctid re- 
lationships are analysed (Tables 3, 4). Character 
polarities were determined using selenodont 
ilariids and subselenodont wynyardiids as out- 
groups. 


CHARACTER ANALYSIS 

Thirty potentially useful dental characters were 
reduced to 17 following analysis of variation in 
the living species. The Pleistocene Cundokoala 
yorkens is Pledge, 1992 is not significantly differ- 
ent in dental morphology from Phascolarctos ; 
generic distinction is not warranted. It is here 
regarded as a separate species of Phascolarctos. 
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TABLE 3. A list of character state polarities (PLES= 
plcsiomorphic stale; APO= apomorphie state) for the 
Phascolarctidae using ilariids and wynyardiids 
(Marsupialia: Vombatimorphia) as outgroups. A=ab- 
sent; P=present; Ll=linear; C=erescentic; LA=large; 
R=reduced; W=weak: S=small; M=moderate; 
B=bueeal; LlN^lingual third of trigonid 


CHARACTER 

PLES 

APO 

1 .Bladed premolar 

A 

P 

2. Trenchant premolar 

A 

P 

3. Posterobuccal cusp on P^ 

P 

A 

4. Structure of paraconule 

LI 

C 1 

5. Development of neometaconule 

A 

P 

6. Protostyle development 

A 

P 

7. Stylar cusp development 

LA 

R 

8. Postered ingual paraenstae 

A/W 

P 

9. Neomorphic cuspule at base of 
metaconule 

A 

P 

10. Anterolingual protocone crest 

A 

P 

1 1 Parastyle development on M l 

S 

M/L 

12. Protostylid development on Ml 

A 

P 

13 Metastylid fold 

A 

P 

14. Entostvlid ridge 

A 

P 

13. Position of protocol! id on Mi 

B 

LIN 

16. Buccal ribs on lower molars 

A 

p ' 

17. Anteriorly displaced cntoconid relative 
to hypoconid and anteriorly displaced 
metaconid relative to protoconid in M^ 

A 

P 


1. Premolar cusp pattern : P3 in most 
phuscolarctids (e.g. Madakoala , Perikoalci , 
Nimiokoala , Li to koala, Phciscolarctos) has a ten- 
dency to be bladcd, as opposed to bicusped and 
weakly bladed in Koobor. Woodburnc et al. 
(1987a) regard the bicusped P3 as plesiomorphic 
among phascolarctids but its occurrence in other 
vombatiform groups (e.g. ilariids and 
wynyardiids) suggests that it is apomorphie in 
phascolarctids. 

2. Trenchant P*' Phascolarctos has a trenchant 


P 3 in contrast to a bulbous P 3 in Koobor % 
Madakoala , Perikoala and Nimiokoala. Ilariids 
and wynyardiids have a bulbous, non-trenchant 
P 3 suggesting the trenchant P 3 in Phciscolarctos 
is apomorphie. 

3. Posterobuccal cusp of P 3: The small 
posterobuccal cusp on P 3 in Koobor , Madakoala , 
Perikoala and Nimiokoala is lacking in 
Phascolarctos. It is absent in wynyardiids and 
variable in ilariids. Its occurrence in most 
phascolarctids and ilariids suggests that it is 
plesiomorphic among phascolarctids. 

4. Crescentic paraconule: The paraconule var- 
ies among phascolarctids from a small, linear 
structure in Madakoala and Perikoala to moder- 
ately developed in Phascolarctos (although not 
uniform), to a large crescentic paraconule in 
Litokoalci and Nimiokoala occupying the longitu- 
dinal valley between the paraconc and protocone. 
It is a moderate swelling at the anterolingual base 
of the paracone in M 1 of Koobor: ; however, it is 
suppressed on M 2 ' 3 as in ilariids. A paraconule is 
absent in wynyardiids but a small swelling at the 
anterolingual base of the paracone in ilariids. 
Hence, absence of a crescentic paraconule is re- 
garded as plesiomorphic among phascolarctids. 

5. Neometaconule: Absent in Koobor , weakly 
developed (or absent) in Madakoala and Peri- 
koala \ variable in Phascolarctos , large and cres- 
centic in Litokoalci and Nimiokoala (although 
reduced in the more posterior molars) and double 
cusped in the latter. Its absence is regarded as 
plesiomorphic in koalas because of its absence in 
ilariids and wynyardiids. 

6. Protostyle\ Present in Phascolarctos , 
Nimiokoala and Litokocila although it generally 
diminishes in size from M l to M 4 . It is absent in 
Madakoala , Perikoala , Koobor , ilariids and 
wynyardiids which suggests its presence is 
apomorphie. 

7. Stylar cusp development: Large stylar cusps 
are thought to be primitive among 


TABLE 4. Character state distribution within Phascolarctidae. Abbreviations: 0, plesiomorphic state; 1, 
apomorphie state; 2, more derived apomorphie state; ?, signifies missing data. 


I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Phascolarctos 

1 

1 

1 

0 

1 

1 

1 

1 

I 

1 

1 

2 

1 

1 

1 

1 

0 

Litokoala 

I 

1 

i 

I 

1 

1 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

| Ninnokoala 

1 

0 

0 

1 

I 

1 

1 

1 

0 

0 

2 

2 

0 

1 

1 

0 

1 

Perikoala 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

I 

0 

0 

1 

0 

0 

Madakoala 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Koobor 

0 

i 9 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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diprotodontians (Rich & Archer, 1979), reflected 
in the enlarged stylar cusps of ilariids and 
wynyardiids. Large stylar cusps occur in Koobor 
and Madakoala. Although Perikoala has reduced 
stylar cusps, the stylar region is represented by a 
longitudinal crest that appears to subsume rela- 
tively large stylar cusps. Those of Nimiokoala, 
Litokoala and Phaseolarctos (excluding the 
parastyle of M 1 ) are suppressed relative to all 
other phascolarctids. Because of the large stylar 
cusps in ilariids and wynyardiids, reduction in 
some phascolarctids is regarded as apomorphic. 

8. Posterolingucil paracristae: Well-developed 
and aligned with the preparacristae in 
Nimiokoala , Litokoala and Phaseolarctos but ab- 
sent (or weakly expressed) in Koobor , 
Madakoala, Perikoala , ilariids and wynyardiids. 
Absence is regarded as plcsiomorphic. 

9. Cuspide at the anterolingual metaconular 
base of M x \ A bulbous cuspule lies at the an- 
terolingual base of the metaconule on M 1 of L. 
kutjamarpensis (M 2 ' 4 unknown), it is variable in 
Phaseolarctos but is absent in all other 
phascolarctids and ilariids and wynyardiids sug- 
gesting that absence is plcsiomorphic. 

10. Anterolitigual protocone crest of M I : An 
antcrolingual crest extends from the apex of the 
protocone towards the base of the crown on M 1 
ofL. kutjamarpensis and Phaseolarctos resulting 
in a relatively square protoconc base. This crest 
is absent in all other phascolarctids, in 
wynyardiids and in ilariids. Absence is regarded 
as plcsiomorphic among phascolarctids. 

1 1 . Parastylar development on M I: The 
parastyle (‘stylar cusp A’) is regarded as a sepa- 
rate character (distinct from character 7) because 
it undergoes independent evolutionary change 
relative to stylar cusps B through E. Small on M 1 
of Madakoala and Perikoala ; moderately devel- 
oped in Koobor , Litokoala and Phaseolarctos ; 
large in Nimiokoala . The small parastyle of 
ilariids and wynyardiids suggests that this is the 
plcsiomorphic condition. 

12. Protostylid : The protostylid on Mj has de- 
veloped independently in pseudocheirids 
(Woodburnc ct al., 1987b), inacropodoids 
(Archer, 1978a) and ilariids (Tedford & 
Woodburne, 1987). In koalas, the protostylid 
ranges from weak ( Madakoala . Perikoala) to 
very large ( Nimiokoala , Litokoala , Phascob 
arctos). Lower molars of Koobor are unknown. 
Because a protostylid is absent in wynyardiids 
(Pledge, 1987a) and probably ilariids (Tedford & 
Woodburne, 1987 consider both alternatives), a 
prolostylid is interpreted here as derived. 


13. Metastylid fold : An autapomorphy of the 
Phascolarctidae. Phaseolarctos and Litokoala 
have a metasiylid fold in which the post- 
mctastylid cristid is continuous with the pre- 
cntocristid. Perikoala and Madakoala lack the 
melastylid fold which is represented by a swell- 
ing at the posterior tip of the postmelaeristid. 
Nimiokoala lacks a metasiylid fold and the 
melastylid is reduced relative to other 
phascolarctids. Because it is absent in ilariids and 
wynyardiids it is difficult to determine polarity. 
However, considering that discrete mctaconids 
and cntoconids is the plcsiomorphic condition in 
all marsupial groups, the condition within the 
Phascolarctidae in which these cusps are linked 
by blades, in this case via a melastylid, is inter- 
preted as derived. 

14. Entostylid ridge: Present in L kanunkaensis 
and Phaseolarctos and a well-developed cuspid 
in an homologous position in Nimiokoala. Its 
absence in the lower molars of ilariids and wyn- 
yardiids suggests that absence is plesiomorphic. 

15. Position of the protoconid on M\\ 
Woodburne et al. (1987a) used this to determine 
koala intrafamilial relationships, with the more 
plesiomorphic koalas having a less lingual pro- 
toconid because of weaker prolostylid develop- 
ment. The protoconid is within the lingual third 
of the trigonid of Mi in Perikoala , Nimiokoala, 
Litokoala and Phaseolarctos . Considering the 
buccal protoconid in wynyardiids and ilariids, the 
more lingual position in some phascolarctids is 
considered to be derived. 

1 6. Ribs on the conids of lower molars'. Internal 
ribs on the protostylid, mctaconid, protoconid, 
entoeonid and hypoconid of lower molars is 
apomorphic and shared by Litokoala and 
Phaseolarctos. These ribs are absent in all other 
koalas. Presence is considered derived. 

17. Anteriorly displaced entoeonid and anteri- 
orly displaced meiaconid of M.\: Torsion of M 4 
such that the entoeonid is displaced anteriorly 
relative to the hypoconid and the metaconid is 
displaced anteriorly relative to the protoconid 
occurs in Litokoala and Nimiokoala but no other 
phascolarctids. This condition is absent in ilariids 
and wynyardiids; absence is interpreted 
plcsiomorphic. 

RESULTS 

Wagner analysis using the branch and bound 
algorithm produced a single most parsimonious 
tree involving 22 steps with a Cl of 0.864 and a 
RC of 0.746 (FIG. 7). 
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DISCUSSION 

Keanu classifications (e.g. Woodburne, 1984; 
Aplin & Archer. 1987) group the 6 fossil mul 
living genera (14 species) oi koalas in the 
Phascolarctidae; however, they also predict a 
Jargc morphological range of koala-like animals. 
Woodburne (1984) creeled the Superfamily 
Phascolarctoklea anti Aplin & Archer ( 1987) the 
Infraorder Phascolurctonvorphia. each containing 
only the Phascolarctidae. Complex molar mor- 
phology and plesiomorphic basicranial morphol- 
ogy of Niniiokoula indicaie a more diverse 
mJraordcr of phaxeolarcloinorphums. 

In some aspects nf dental morphology, 
Nintiokoala appears to have converged on 
pscudocheirids and ektopodontids. Slight torsion 
is evident in lower molars of Nimiokoala and the 
consequent arrangement of the rnetacunid and 
entoconid is similar to some pscudocheirids (e.g. 
Psemloclnrops archcri) Springer (1987) also 
noted more similarities in the MU of L. 
kanankaensis to pscudocheirids than to any other 
phaseolarctid. This is also the ease with the NL of 
Niniiokoula. 

Well -developed parastyle. large paraconule 
and large neomctaeonule of the upper molars of 
Nimiokoala and the entosiylid ridge and 
neomorphic cuspid on the lower molars are rem- 
miscenl of the cuspate luph(id)s of eklopodontid 
molars; in particular die lower molars of Darcius 
ihifwuni Rich, 1 986 from the Pliocene Hamilton 
Local Fauna, Victoria. Archer (1976) suggested 
that the eklopodontid molar pattern may have 
evolved through an alignment of the wrinkles, 
connles and crcnulalions in the molars of seleno- 
dont forms and in particular* the koalas. The high 
crowned, highly crenulatc. complex molars of 
Ninnvktndn support this view 

Recent classifications (Archer & Aplin 1987; 
Marshall et a)., 1989) support an 

ektopodonlid/phalangend affinity and place the 
liktopodontidac within the Phalangcmidea based 
on the shared strongly Ungulate eristic! obiiquo 
and reduced melaeonid on the lower molars and 
the loss of PI. Consequently, similarities in 
pliaseolarctkl and eklopodontid molars suggest 
similar ecological niches. Pledge (1982) sug- 
gested several possible dietary preferences of 
ektopodontids, ranging from browsing and fru- 
givorous to granivorous and insectivorous Sim- 
ilar dietary specialisations could explain the 
complex dentitions of Nuniokoala. 

Since the first fossil koala was described in 
1957 there have been two different attempts to 


analyse intrulainilial relationships. Archer 
(|978a) separated phaseolaretids into Liiokoalu } 
Koohor and Perikoalaf Phascolarctos lineages. 
Urnkoala kutjamarpettsis wax considered to be 
the most plesiomorphic phaseolaieiid based on 
the mctaconule and lingual buttresses on the 
metacone of the upper molar (Archer. 1978a). 
Pedkoala and Phascolarctos were interpreted to 
he more closely related to each other than either 
was to L kutjamarpensis. However, Aieher 
(1978a) also noted a large structural distance 
separating these groups. Pcnkoala exhibited a 
number of plesiomorphic features relative to 
Phascolarctos and several aulapomnrphie fea- 
tures that precluded it being antecedent to 
Phascolarctos. Molar morphology of Koohor led 
to its interpretation by Archer (1978a) as the 
sister-group of a combined Phascolarctos I Vcr\ 
koala elade. 

Woodburne et al/s (1987a) cladislie analysis 
followed a reassessment of character state 
morphoclines for phaseolaretids. Relative posi- 
tions of PhasrolamoSs Utokoala , Perikoala and 
Madakoulu are confirmed herein (Fig. 7). Rela- 
tionships of Lhokoala have been unclear due to 
its poor fossil record. Archer ( 1 978a) regarded it 
as the plesiomoiphie sister group of all 
phaseolaretids based on a single upper rnolar. 
Re-analysis of that tooth by Woodburne et al. 
(1987a) and Springer's (1987) 2 isolated lower 
molars and upper molar fragments of L 
kanimkaensis suggested Utokoala vvas more 
closely" related to Phascolarctos. Utokoala mate- 
rial from Riversleigli supports Woodburne et al ’s 
(1987a) hypothesis. 

Features now found to support the Utokoala 
and Phascolarctos relationship include the 
neomorphic euspule at the antcrolingual base of 
the mctaconule on M l (and M*" 1 in 
Phascolarctos L the metastylid fold in which the 
poslmciaslylid eristic! is a continuous fold with 
the prcciuocrfttid and the internal ribs on the 
cuspids of lower molars. Features, regarded by 
Springer (1987) as autapomorphies of L 
kanunkaensis but which arc in luct variably pres- 
ent in Phascolarctos include anteriorly bifurcate 
pre-cnlocristid. reduced talonid on Mi and paral- 
lel arrangement of the crislid ubliquu and 
poslpfotoeristid on Mu w herein these eristids do 
not meet end to cud. The latter two features are 
also variably present in Niniiokoala. Utokoala is 
a derived relative to Phascolarctos in having a 
more crescentic paraconule and neomctaeonule 
in the upper molars, a well-developed melaeonid 
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posterobuccai crest on M:. 4 and in having a well- 
developed poslerolingual proloeristid on M*. 

Nbninkoulti , Litokoala and Phascolarctos form 
a elude by sharing a protosiyle in ihe upper mo- 
lars, strong posterolingual paracristac. a large 
prulosiyiid on Mi and a well-developed en- 
tostylid ridge. Liwknala and Nimiokoala arc dc 
rived relative to Phase olarctas in the shared 
crescentic paraconuleand neometuconule in M 1 ’ 4 
ami a well-developed parastylc on M 1 Litokoala 
and Nimiokoala synapomorphies, interpreted as 
convergences (Fig.7) are: well-developed, highly 
crescentic paraconule and neometaconule, large, 
pyramidal parastylc and extreme torsion on M; 
such that the entoeonid and mctaconid arc dis- 
placed anteriorly relative to the hypoeonid and 
protoeonid. respectively. Nimiokoala is derived 
relative to other phascolarctids in having strong 
posterobuccai crests from the apices of the pro 
locone and meiuconulc. a discontinuous 
neometaconule which is subdivided into two cus- 
pate parts, a posterolingual cuspulc on P\ a wcll- 
dcveloped posterolingual ppolostylkl crisiid on 
Mi. weak metuslylid in the lower molars, an 
antcrobuccally directed preentocrislid (an- 
icrolingually directed in other phascolarctids) 
and a neomoiphic cuspid occupying the trigonid 
basin between mctaconid and protoeonid on M 4 

There arc doubts about the irvclusii >n of Koohor 
in Phascolarctidae. Pledge (1987b) suggested 
that Kooboris allied to ilaruds such us KuUrmtjci 
ngama Figure 7 may support the hypothesis that 
it lies outside the Phascolarctidae. Clarification 
of Koobor \ relationships requires discovery of 
lower molars because these differ significantly in 
iluriids and phascolarctids. 

Except lor 2 partial skulls from Riversleigh, 
extinct phascolarctids are represented by isolated 
teeth or dentitions. As a result, current under- 
standing of the basicranial region is based on the 
modern species. Phascolarctos cine re its has an 
wiutapomorphic bi laminar bulla wherein the tym- 
panic cavity is roofed by both an ali.sphenoid 
tympanic process and the squamosal epilympanic 
wmg(Aplin, 1987). The partially preserved basi- 
cranial region of Nimiokoala greystanesi (Fig. 
I A-C) exhibits the plcsiomorphic diprotodontiun 
condition wherein the alisphenoid forms the roof 
of the tympanic cavity, suggesting a large struc- 
tural distance between these koalas. The 
plcsiomorphic basicranium olW. greystanesi sup- 
ports the hypothesis that phascolarctids diverged 
from near the base of the diprotodontiun tree 
I Archer, 1976). 

Intragencrie relationships of Litokoala are Jif 


licult to interpret due to a lack of comparable 
material between the species Litokoala koo 
tmkaensis appears to be plcsiomorphic rclaliv e to 
L kntjamarfiensis because it lacks a proto stvie 
and the bulbous cuspulc at the anterolingual base 
of Ihe metaconule on M 3 However, these features 
may be a result of changes along the tooth row 
(ic. an artefact of comparing an M' with an M ) 
rather than interspecific differences. 

Litokoala kammkaemis from early-middle 
Miocene System C (Archer et at., 1989; 1991 1 is 
ihe same age nr slightly younger than, the 
Kutjamarpu Local Fauna. 
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